The relationships between body size and rates body weight.
The relationships between body size and rates body weight.
Bartholomew 
where E is evaporative water loss in g/day, and W is body weight in g. Crawford' s equation is based on data spanning the full size range of living birds although only 18 species were represented, and of these, only two weighed more than 180 g. examined the relationship between body weight and metabolic rate in birds, and demonstrated that passerine birds have a higher weight-specific metabolism than nonpasserines. The equation describing the relationship between standard metabolism and body weight of passerines is: log M = log 129 + 0.724 log W
where M is heat production in kcal/day, and W is body weight in kg. Their equation for all birds except passerines spans the full size range of living birds, from 3 g hummingbird to a 100 kg ostrich, and can be written as:
Because of the paucity of data on the physiology of large birds, we undertook the following study on rates of metabolism and evaporation in Emus and Rheas. The relation between avian evaporative water loss and body weight conforms to a pattern similar to that for metabolism and Two Emus and three Rheas were used in this study. All birds were mature individuals made available by the Zoological Society of San Diego. During periods of training and experimentation, they were housed outdoors in a 5 x 5 m pen with access to shelter. Daily rations consisted of Purina Chow, lettuce, grapes, and apples, and water was available ad libitum. Food was removed on evenings preceding metabolic determinations, so the birds were fasted overnight and assumed to be postabsorptive the following day. When experiments were conducted at night, food was removed in the preceding morning.
An initial training period of about 10 days was required to accustom the birds to the experimental apparatus and procedure. Thereafter, for the most part, the birds rested quietly in the experimental apparatus during determinations. The Emus were more tractable than the Rheas, and generally easier to train and handle.
The experimental procedure for determining oxygen consumption and respiratory evaporation was similar to that described by Crawford and Schmidt-Nielsen (1967) for the Ostrich. The experimental bird was lightly restrained in an o,pen box in a darkened room. The restraining device permitted the bird to move somewhat, but not to turn around or escape. A respiratory hood (fashioned from a cylindrical Lucite tube) was fitted over the head and neck of the restrained bird. The hood was provided with a reflected rubber seal at the bottom, an exit port for air at the top, and the outside was painted with flat black paint. The hood was supported by the restraining device so that it did not rest on the bird. Room air was drawn through the tube by suction, entering past the loose-fitting rubber seal at the base of the birds neck and exiting through the top port, and then directed into an adjoining room. Air flow through the hood was monitored with a dry gas meter, and a sample of the air passed through a drying column (Drierite), a flow meter, and a Beckman C-2 oxygen analyzer. The partial pressure of oxygen in the excurrent air from the hood was monitored until it reached a stable level and then was recorded every two minutes for a 30-minute period. The mean value of the five consecutive readings indicating the minimal oxygen consumption was used in computing standard metabolic rate. All oxygen-consumption values were converted to standard temperature and pressure. A caloric equivalent of 4.8 kcal/liter of oxygen was assumed in converting oxygen consumption to caloric units.
Respiratory evaporation was calculated from the difference in amount of water collected in the drying column during metabolic determinations and during blank runs. The amount of water vapor contained in room air was also calculated from sling psychrometric measurements of relative humidity. This technique yielded similar values to those obtained from blank runs when unaltered room air was drawn through the flow system. Air flow through the respiratory hood was maintained at 60-80 liters/min to minimize increases in carbon dioxide or water vapor concentrations.
The mean values presented for oxygen consumption, evaporative water loss, body temperatures, and respiratory rates represent as nearly as possible birds resting in the dark in the zone of thermoneutrality in a postabsorptive state.
Body weights were determined daily during the study period by weighing the bird in the restraining device on a platform scale (kO.2 kg).
All birds appeared healthy throughout the study and were returned to exhibition after completion of the experiments.
RESULTS AND DISCUSSION
The results obtained from this study are summarized in table 1. Oxygen consumptions of 149.9 ml Oz/min for the Emu (38.3 kg), and 114. 
where E is evaporation in g HaO/day and W is body weight in g, a relationship similar to that proposed by Adolph (1949) for water intake vs. body weight in mammals. In contrast to birds, the value of the regression coefficient (0.883) for mammals is greater than might be expected from theoretical considerations. However, the difference in slope between equations 8 and 12 is not statistically significant. Before any discrepancies which may exist between evaporation in birds and mammals can be resolved, further work on the physiology of evaporative water loss is Resting respiratory rates of Emus and Rheas were approximately 7 and 9 breaths/min, with respective heart rates of 41 and 48 beats/min. Crawford and Schmidt-Nielsen (1967) report resting respiratory rates of 4-7/min in the Ostrich. These values are lower than respiratory and heart rates of comparable-sized mammals (Adolph 1949).
Since the relationship between body size and metabolism in mammals and nonpasserine birds does not differ significantly (Lasiewski and Dawson 1967), the lower respiratory and cardiac rates of birds raise some interesting questions regarding avian cardiovascular and respiratory physiology.
SUMMARY
The mean resting values for metabolism, evaporative water loss, body temperature, respiratory rate, and heart rate for 2 Emus (38.3 kg) and 3 Rheas (21.7 kg) obtained in this study were, respectively, 149.9 and 114.5 ml 02/ min, 179 and 166 mg HBO/min, 38.1" and 39.7"C, 7.1 and 8.5 breaths/min, 41 and 48 beats/min.
The standard metabolism of Emus and Rheas, as well as of Cassowaries and Ostriches, does not deviate significantly from that predicted on the basis of the metabolism-weight relationships of other nonpasserine birds.
The relationships between avian evaporative water loss and body weight are analyzed LITERATURE CITED and regression lines are presented. The relationship between evaporative water loss and body weight in birds and mammals is compared. Body temperatures of large ratites are lower than those of most smaller birds. Respiratory and heart rates of Emus and Rheas are lower than those for comparable-sized mammals.
